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[57] ABSTRACT 
Compounds of the formula 

H 

wherein X1 denotes ?uorine or chlorine and X2 denotes 
hydrogen, ?uorine or chlorine; R1 is 3E-alkenyl,4-alke 
nyl, 2E-alkenyloxy or 3-alkenyloxy; n stands for the 
number 0 or 1; one of the groups Y1 and Y2 is a single 
covalent bond, —COO-—, —OOC—, -—CH2CHz—, 
—CHzO- or -—OCH2— and the other of the groups 
Y1 and Y2 is a single covalent bond; and rings A1 and 
A2 each individually are substituted or unsubstituted 
trans-1,4-cyclohexylene, in which optionally 2 non 
adjacent CH2 groups are replaced by oxygen, or substi 
tuted or unsubstituted 1,4-phenylene, in which option 
ally 1 CH group or 2 CH groups is/are replaced by 
nitrogen; with the proviso that X2 denotes ?uorine or 
chlorine and/or Y1 or Y2 denotes —CHzO- or 
—OCH2— when simultaneously X1 is ?uorine and R1 is 
3E-alkenyl, 
and their use for liquid crystalline mixtures and electro 
optical purposes. 

9 Claims, No Drawings 
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HALOBENZENE LIQUID CRYSTALS 

BACKGROUND 

1. Field of the Invention 
The present invention is concerned with novel halo 

benzene derivatives, liquid crystalline mixtures which 
contain these compounds as well as their use for electro 
optical purposes. 

2. Description 
Liquid crystals are used primarily as dielectrics in 

indicating devices, since the optical properties of such 
substances can be in?uenced by an applied voltage. 
Electro-optical devices based on liquid crystals are 
well-known to the person skilled in the art and can be 
based on various effects. Examples of such devices are 
cells having dynamic scattering, DAP cells (deforma 
tion of aligned phases), guest/hose cells, TN cells hav 
ing .a twisted nematic structure, STN cells (“super 
twisted nematic”), SBE cells (“super-birefringence ef 
fect”) and OMI cells (“optical mode interference”). The 
most common indicating devices are based on the 
Schadt-Helfrich effect and have a twisted nematic 
structure. 
The liquid crystal materials must have a good chemi 

cal and thermal stability and a good stability towards 
electric ?elds and electromagnetic radiation. Further, 
the liquid crystal materials should have a low viscosity 
and should give short response times, low threshold 
potentials and a high contrast in the cells. Furthermore, 
at usual operating temperatures from about —30° C. to 
about +80“ 0., especially from about —20° C. to about 
+60° C., they should have a suitable mesophase, for 
example a nematic or cholesteric mesophase for the 
above-mentioned cells. Further properties such as the 
electrical conductivity, the dielectric anisotropy and 
the optical anisotropy must ful?ll different requirements 
depending on the type of cell and ?eld of application. 
For example, materials for cells having a twisted ne 
matic structure should have a positive dielectric anisot 
ropy and an electrical conductivity which is as low as 
possible. In addition to the general interest in com 
pounds having a high optical anisotropy, there has re 
cently been an increased interest in materials having a 
low optical anisotropy, especially for actively ad 
dressed liquid crystal indicators, for example, for TF1‘ 
applications (“thin ?lm transistor") in television sets, 
whereby, however, effects such as the occurrence of 
highly ordered smetic phases or an increase in the 
threshold potential and in the response times, which are 
frequently observed in such materials, should be 
avoided as far as possible. 

Since liquid crystals are generally used as mixtures of 
several components, it is important that the components 
have a good miscibility with one another. 

SUMMARY OF THE INVENTION 

The present invention provides halobenzene deriva 
tives of the formula 

x2 I 
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2 
wherein X1 denotes ?uorine or chlorine and X2 denotes 
hydrogen, ?uorine or chlorine; R1 is SE-alkenyl, 4-alke 
nyl, 2E-alkenyloxy or 3-alkenyloxy; it stands for the 
number 0 or 1; one of the groups Y! and Y2 is a single 
covalent bond, —COO—, —OOC—, —CI-I2CH2—, 
—CH2O-- or --OCH2— and the other of the groups 
Y1 and Y2 is a single covalent bond; and rings A1 and 
A2 each individually are substituted or unsubstituted 
trans-1,4-cyclohexylene, in which optionally 2 non 
adjacent CH2 groups are replaced by oxygen, or substi 
tuted or unsubstituted l,4-phenylene, in which option 
ally 1 CH group or 2 CH groups is/are replaced by 
nitrogen; with the proviso that X2 denotes ?uorine or 
chlorine and/or Y1 or Y2 denotes —CH2O-— or 
—OCI-Ir- when simultaneously X1 is ?uorine and R1 is 
3E-alkenyl. 
The compounds in accordance with the invention 

generally have a positive dielectric anisotropy. Al 
though in comparison to cyano compounds they are 
relatively less polar, they give amazingly low threshold 
potentials which are often lower than those of cyano 
compounds. Further, they have a high stability and a 
lower electrical conductivity than the cyano com 
pounds.’ 

Surprisingly, the compounds in accordance with the 
invention give, in addition to the low threshold poten 
tials, simultaneously short response times. Highly or- . 
dered smectic phases are completely or at least largely 
suppressed, and the melting points are often lowered. 
The compounds in accordance with the invention are 

therefore especially suitable as components of nematic 
and cholesteric mixtures. The bicyclic compounds of 
formula I are primarily suitable as doping agents for 
producing especially low threshold potentials, response 
times. and melting points. The tricyclic compounds of 
formula I generally have a broad nematic or cholesteric 
mesophase range and are suitable for producing broad 
mesophase ranges in mixtures, whereby simultaneously 
the threshold potentials and response times remain 
amazingly low. 
By virtue of the good solubility of the compounds of 

formula I with one another and in known liquid crystals 
comparatively high concentrations can generally be 
used and at the same time the number of components in 
liquid crystalline mixtures can be reduced. This is espe 
cially true also for the tricyclic compounds of formula I. 
The optical anisotropy of the compounds of formula 

I can vary in a wide range depending on the choice of 
rings A1 and B‘, with saturated rings leading to low 
values of the optical anisotropy and aromatic rings 
leading to high values of the optical anisotropy. The 
advantages mentioned above apply in the entire range 
and are found especially also in the compounds having 
a low optical anisotropy. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed toward halobenzene 
derivatives of the formula ‘ 

x2 I 



3 
wherein X1 is ?uorine or chlorine and X2 is hydrogen, 
?uorine or chlorine; R1 is 3E-alkenyl, 4-alkenyl, 2E 
alkenyloxy or 3-alkenyloxy; n is the integer O or 1; one 
of the groups Y1 and Y2 is a single covalent bond, 
—COO-—, —OOC—, —CH2CH2—, —CH2O-—- or 
—OCH2— and the other of the groups Y1 and Y2 is a 
single covalent bond; and each of rings A1 and A2 indi-v 
vidually is trans-1,4-cyclohexylene, trans-1,4 
cyclohexylene in which 2 non-adjacent CH2 groups are 
replaced by oxygen, 1,4-phenylene, or 1,4-phenylene in 
which 1 CH group of 2 CH groups is/are replaced by 
nitrogen, the above substituents for rings A1 and A2 
being unsubstituted or substituted with at least one of 
cyano, lower alkyl or halo; with the proviso that X2 is 
?uorine or chlorine and/or Y1 or Y2 is —CH2O— or 
—OCl-l2-— when simultaneously X1 is ?uorine and R1 is 
3E-alkenyl. 
The terms “SE-alkenyl”, “4-alkenyl”. “2E 

alkenyloxy” and “3-alkenyloxy" in formula I embrace 
straight-chain and branched residues. There are gener 
ally preferred the straight-chain residues such as 3-bute 
nyl, 3E-pentenyl, 3E-hexenyl, 3E-heptenyl, 3E-octenyl, 
3E-n0nenyl, 3E-decenyl, 4-pentenyl, 4-hexenyl, 4 
heptenyl, 4-oxtenyl, 4-nonenyl, 4-decenyl, allyloxy, 
ZE-butenyloxy, 2E-pentenyloxy, 2E-hexenyloxy, 2E 
heptenyloxy, 2E-octenyloxy, ZE-nonenyloxy, 3 
butenyloxy, S-pentenyloxy, 3-hexenyloxy, 3-hep 
tenyloxy, 3-octenyloxy, 3-nonenyloxy and the like. 
Compounds having a branched optically active residue 
R1 such as for example, 5-methyl-3E-heptenyl and 6 
methyl-4-oxtenyl are primarily of interest as chiral dop 
ing agents and/or cholesteric liquid crystals. In the case 
of 4-alkenyl and 3-alkenyloxy residues R‘, which can be 
present in the E- or Z-form, the Z-form is generally 
preferred. Conveniently, the 3E-alkenyl residues have 
about 4-15 carbon atoms, the 4-alkenyl residues have 
about 5-15 carbon atoms, the 2E-alkenyloxy residues 
have about 31-14 carbon atoms and the 3-alkenyloxy 
residues have about 4-14 carbon atoms. Alkenyl resi 
dues with up to 10 carbon atoms and alkenyloxy resi 
dues with up to 9 carbon atoms are generally preferred. 
Especially preferred residues R1 are 3-butenyl, 3E 
pentenyl, 4-pentenyl, allyloxy and S-butenyloxy. 
The term “substituted or unsubstituted trans-1,4 

cyclohexylene in which optionally 2 non-adjacent CH2 
groups are replaced by oxygen” (also denoted in the 

_ scope of the present invention as “saturated ring”) em 
braces especially trans-1,4-cyclohexylene and trans-m 
di0xane-2,5-diyl as well as rings which are substituted 
with conventional substituents usual in liquid crystals 
such as cyano, lower alkyl (e.g. methyl), or halo (e.g. 
?uorine or chlorine), for example l-cyano-trans-l,4 
cyclohexylene or 2-methyl-trans-1,4-cyclohexylene. 
The term csubstituted or unsubstituted 1,4-phenylene 

in which optionally 1 CH group or 2 CH groups is/are 
replaced by nitrogen” (also denoted in the scope of the 
present invention as “aromatic ring”) embraces espe 
cially 1,4-phenylene, pyridine-2,5-diyl, pyrazine-2,5 
diyl and pyrimidine-2,5-diyl as well as rings which are 
substituted with conventional substituents which are 
usual in liquid crystals such as cyano, lower alkyl (e. g. 
methyl), or halo (e.g. ?uorine or chlorine), for example 
2-cyano-l,4-phenylene, 2-?uoro-l,4-phenylene, 2 
chl'oro- 1 ,4-phenylene or 2-methyl- 1 ,4-phenylene. 
The term “halo” denotes ?uoro, chloro, bromo and 

iodo. The term “lower alkyl” denotes straight or 
branched chain saturated hydrocarbon groups of l to 4 
carbon atoms. 

5,230,826 
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In general, compounds of formula I with unsubsti 

tuted rings A1 and A2 are preferred. However, if de 
sired, the dielectric anisotropy, the mesophase range, 
the solubility and the like can be modi?ed by using 
substituted rings. 
Formula I embraces the compounds of the following 

formulas 
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-continued 

X2 141 

R1 01120 x1 

x: I-l2 

R1 ocnz x1 

X2 143 

R1 coo x1 

X2 144 

R‘ ooc x1 

X2 147 

RI~<E>~OCHZ X1 
wherein R1, X], X2 and rings A1 and A2 in each case 
having the above signi?cances. 

In the above formulas I, I-7 and L8 to I-l7 ring A2 
preferably stands for substituted or unsubstituted trans 
l,4-cyclohexylene, for substituted or unsubstituted 1,4 
phenylene or, when ring A1 is substituted or unsubsti 
tuted trans-1,4-cyclohexylene or substituted or unsubsti 
tuted 1,4-phenylene, also for pyrimidine-2,5-diyl or 
trans-rn-dioxane-2,5-diyl. Those compounds in which 
ring A2 stands for trans-1,4-cyclohexylene are generally 
especially preferred. A trans-m-dioxane-2,5-diyl group 
which is optionally present as ring A2 is preferably 
linked with R1 in the 5-position; in this case ring Ai 
preferably denotes trans-1,4-cyclohexylene. 

Further, in the above formulas I and 1-1 to I-l7 ring 
A1 in each case preferably stands for substituted or 
unsubstituted trans-1,4-cyclohexylene, for substituted 
or unsubstituted 1,4-phenylene or for pyridine~2,5-diyl, 
pyrimidine-2,5-diyl or pyrazine-2,5-diyl. Of the com 
pounds of formulas 1, I-17 and I-8 to I-17 there are 
generally especially preferred those in which ring A1 
has one of the mentioned preferred signi?cances and 
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6 
denotes especially an unsubstituted group and ring A2 
simultaneously is trans-1,4-cyclohexylene. 
Examples of preferred groups of compounds of for 

mula I are the compounds of the formulas 

x; 148 

R1 Y1 x1 

X: 1-19 

_ R1 coo x1 

X2 I-ZO 

x2 mi 

N 

Rl4< @xl - N 

X2 v1-22 
N 

Rlf \ x] 
N __ 

X2 143 

X2 1-24 

x2 1-2s 

N 

N _ 

x2 L26 

N 

v- N ' 

X2 1-27 
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—continued 
X2 1-28 

N 

_ N 

X2 [-29 

N 

N _ 

X2 1-30 

N 

N _ 

X2 1-3] 

N 

_ N 

x2 1-32 

R1 Y2 x1 

X2 1-33 

0 

R1{ >_Yl X1 
0 

X2 1-34 

0 

R1 Y1 x1 

0 

wherein R1, X1, X2, Y1 and Y2 have the above signi? 
cances. 

Of the compounds of the above formulas I, 1-1 to 
1-32, 1-33 and 1-34 there are generally preferred those in 
which in each case X1 is fluorine and X2 is hydrogen or 
X1 and X2 are ?uorine or X1 is chlorine and X2 is hydro 
gen. Further, of the compounds of formulas 1-18, 1-23 to 
1-32. 1-33 and 1-34 there are generally preferred those in 
which in each case Y1 is a single covalent bond or 
—COO—. Preferred residues R1 in the above formulas 
I and 1-1 to 1-34 are S-butenyl, 3E-pentenyl and 4-pe'nte 
nyl. 
The compounds of formula I can be prepared in a 

manner known per se, for example according to the 
methods described in EP-A-l22389, EP-A-l679l2 and 
EP-A-l68683, and ‘in US. Pat. No. 4,676,604, US. Pat. 
No. 4,621,901 and U.S. patent application Ser. No. 
53778/ 87. 
The compounds of formula I in which R1 is 2E 

alkenyloxy or 3-alkenyloxy are generally obtained most 
easily by etherifying the corresponding hydroxy com 
pound with a ZE-alkenyl halide or a 3-alkenyl halide, 
preferably a 2E~alkenyl bromide or a ZE-alkenyl iodide, 
respectively, a 3-alkenyl bromide or 3-alkenyl iodide. 
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8 
The required hydroxy compounds are known or are 
analogues of known compounds. 
The compounds of formula I in which R1 is SE-alke 

nyl or 4-alkenyl are generally obtained by reacting the 
corresponding propionaldehyde or butyraldehyde in 
the presence of a strong base with an alkyl-triarylphos 
phonium halide, preferably with an alkyl-triphenyl 
phosphonium chloride or with an alkyl-tn‘phenylphos 
phonium bromide. The reaction can be effected under 
the conditions which are usual for Wittig reactions. The 
required propionaldehydes and butyraldehydes can be 
obtained from the corresponding compounds having a 
formyl-substituted ring (derivatives of cyclohexancar 
boxaldehyde, benzaldehyde etc) or the corresponding 
cyclic ketones (cyclohexanone derivatives) by succes 
sive chain lengthening via the acetaldehydes. The chain 
lengthening can be effected for example, in each case by 
a Wittig reaction with a methoxymethyl-triphenylphos 
phonium chloride, and subsequent hydrolysis (for exam 
ple with acetic acid). Further, a chain lengthening by 3 
carbon atoms can also be effected for example, by a 
Wittig reaction with a 2-(1,3-dioxolan-2-yl)ethyl-triaryl 
phosphonium halide, preferably 2-(l,3-dioxolan-2 
yl)ethyl-triphenylphosphonium bromide, subsequent 
catalytic hydrogenation of the C-C double bond and 
hydrolysis of the dioxolane ring, for example, with 
acetic acid. The latter method has, moreover, the ad 
vantage that, prior to the hydrolysis of the dioxolane 
ring, other functional groups can, if desired, be intro 
duced readily into the molecule or converted. 
When the central portion of formula I has a group 

which can be formed readily by a ?nal linkage such as, 
for example, an ester group or methyleneoxy group for 
Y1 or Y2 or a dioxane ring for ring A1 and A2, it can be 
advantageous to prepare the corresponding educt (for 
example, carboxylic acid, hydroxy compound, halo 
compound, 1,3-diol, aldehyde) containing the alkenyl 
group or the alkenyloxy group in an analogous manner 
to the methods described above. Subsequently, for ex 
ample, the carboxylic acid obtained can be esteri?ed 
with a suitable hydroxy compound (to give a compound 
of formula I in which Y] or Y2 is —COO—), or the 
hydroxy compound obtained can be esteri?ed with a 
suitable carboxylic acid or a suitable carboxylic acid 
chloride (to give a compound of formula I in which Y1 
or Y2 is —OOC—), or a hydroxy compound obtained 
can be ‘etheri?ed with a suitable halo compound (espe 
cially a bromo or iodo compound) (to give a compound 
of formula I in which Y1 or Y2 is —OCH2—) or a halo 
compound obtained (especially a bromo or iodo com 
pound) can be etheri?ed with a suitable hydroxy com 
pound (to give a compound of formula I in which Y1 or 
Y2 is —CH2O—) or a 1,3-dicl obtained can be reacted 
with a suitable aldehyde or an aldehyde obtained can be 
reacted with a suitable 1,3-dio1 (to give a compound of 
formula I in which ring A1 or A2 is trans-m-dioxane-2,5 
diyl). 
The indicated reactions can be effected in each case 

in a manner known per se. The required starting materi 
als are known or can be prepared in a manner known 
per se. The above synthesis variants and the reaction 
conditions are illustrated further in the Synthesis Exam 
ples. 
The compounds of formula I can be used in the form 

of mixtures with one another and/or with other liquid 
crystal components such as for example, with sub 
stances from the classes of Schiffs bases, azobenzenes, 
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azoxybenzenes, phenylbenzoates, cyclohexanecarboxy 
lic acid phenyl esters, cyclohexanecarboxylic acid cy 
clohexyl esters, biphenyls, phenylcyclohexanes, cy 
clohexylcyclohexanes, phenylpyrimidines, cyclohexyl 
pyrimidines, phenyldioxanes, Z-cyclohexyl-l-phenyle 
thanes, terphenyls, cyclohexylbiphenyls, cyclohexyl 
phenylpyrimidines and the like. Such substances are 
known to the person skilled in the art and many of them 
are, moreover, commercially available. 
The liquid crystalline mixtures in accordance with 

the invention contain at least two components, of which 
as least one component is a compound of formula I. A 
second component and optionally further components 
can be further compounds of formula I or other liquid 
crystal components. The compounds of formula I are 
especially suitable for nematic mixtures or, insofar as at 
least one component of the mixture is optically active, 
also for cholesteric mixtures. 
The compounds of formula I in which'n stands for the 

number 0 and R1 is 4-alkenyl are generally advanta 
geously used together with other nematic or cholesteric 
materials, for example together with tricyclic com 
pounds of formula I. The mixtures in accordance with 
the invention therefore preferably contain one or more 
compounds of formula I and a nematic or cholesteric 
carrier material. 
Having regard to the good solubility of the com 

pounds of formula I and having regard to their good 
miscibility with one another, their amount in the mix 
tures in accordance with the invention can be relatively 
high. However, an amount of 1-50 wt. %, especially 
about 5-30 wt. %, of compounds of formula I is gener 
ally preferred. 
The mixtures in accordance with the invention pref 

erably contain in addition to one or more compounds of 
formula I one or more compounds from the group of 
compounds of the formula 

11 

R2 R3 

0 n1 

R24<: >_< >_‘R3 
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10 
—continued 

vm 

IX 

x 

' x1 

x11 

R2 R3 

N XIII 

- N 

XIV 

* xv 

R1 cnzcnz4<:>~n7 
XVI 

R2 R6 , t 

xvn 

R2 coo R7 

XVIII 

CN 

wherein R2 and R7 each are alkyl, lE-alkenyl, 3E-alke 
nyl or 4-alkenyl; R3 is cyano, —NCS, alkyl, lE-alkenyl, 
3E-alkenyl, 4-alkenyl, alkoxy 2E-alkenyloxy or 3 
alkenyloxy; R4 is alkyl, BE-alkenyl or 4-alkenyl; R5 is 
cyano, —NCS, alkyl, SE-alkenyl, or 4-alkenyl, alkoxy, 
Z-E-alltenyloxy or 3-alkenyloxy; R6 is cyano, alkyl, 
3E-alkenyl, 4-alkenyl, alkoxy, ZE-alkenyloxy or 3 
alkenyloxy; Z is a single covalent bond or —CHZC 
H2—; R8 is cyano, alkoxy, ZE-alkenyloxy, 3-alkenyloxy, 
alkyl, lE-alkenyl, 3E-alkenyl or 4-alkenyl; R9 denotes 
alkyl, lE-alkenyl or, when one of the groups Y1 and Y2 
is a single covalent bond, --COO-—, —OOC- or 
——CH2CH2— and the other of the groups Y1 and Y2 is a 
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single covalent bond, also 3E-alkenyl; and n, Y1, Y2 and 
rings A1 and A2 have the above signi?cances. 
The alkyl, alkenyl, alkoxy and alkenyloxy residues 
R2-R9 in formulas Il-XIV are preferably straight-chain 
residues. They preferably have up to 12, particularly up 
to 7, carbon atoms. 
The compounds of formula XI in which R2 is 1E 

alkenyl, 3E-alkenyl or 4-alkenyl are novel. They can be 
prepared according to the methods illustrated in the 
Synthesis Examples. , 
The mixtures in accordance with the invention can 

also contain optically active compounds (for example, 
optically active 4'-alkyl- or 4'-alkoxy-4-biphenylcar 
bonitriles) and/or dichroic coloring substances (for 
example, azo, azoxy or anthraquinone coloring sub 
stances). The amount of such compounds is determined 
by the solubility, the desired pitch, colour, extinction 
and the like. The amount of optically active compounds 
and dichroic coloring substances generally amounts to 
in each case a mixture of about 10 wt. % in the total 
mixture. 
The preparation of the mixtures in accordance with 

the invention and the preparation of the electro-optical 
devices can be effected in a manner known per se. 
The preparation of the compounds of formula I and 

the novel compounds of formula XI as well as liquid 
crystalline mixtures containing these compounds are 
illustrated further by the following. Examples. C is a 
crystalline phase, S Bis a smectic B phase, N is a nematic 
phase and I is the isotropic phase, V10 and V50 denote 
respectively the voltage for 10% and 50% transmission, 
p= (V 50—V10)/V 10 is a measurement of the steepness of 
the transmission curve, to” and to” denote respectively 
the switching-on time and the switching-off time and 
An denotes the optical anisotropy. Unless otherwise 
stated, percentages and ratios relating to solven't mix 
tures are expressed in volume, purity data determined 
by gas chromatography are expressed in area % and the 
remaining percentages and ratios are expressed in 
weight, temperatures are in degrees Celsius (°C.), nor 
mal pressure is about 1 atmosphere and room tempera 
ture is about 23° C. The petroleum ether is a well 
known mixture of low-boiling hydrocarbons. Unless 
indicated otherwise, the examples were carried out as 
written. 

EXAMPLE 1 

a) A solution of 1.71 g of trans-4-[trans-4-(4-pem 
tenyl)-cyclohexyl]-cyclohexanecarbonitrile (prepared 
according to Example 2) in 30 ml if diethylene glycol 
was treated with 3.11 g of potassium hydroxide and 
stirred at 130° C. for 3 hours. The mixture was then 
poured on to ice-water, acidi?ed with 25 percent hydro 
chloric acid and extracted three times with diethyl 
ether. The organic phases were combined, washed 
three times with water, dried over magnesium sulfate 
and evaporated. Recrystallization of the brown, crystal 
line residue (1.74 g) from 30 ml of hexane gave 996 mg 
of trans-4-[trans-4-(4-pentenyl)cyclohexyl]cyclohex 
anecarboxylic acid as yellowish crystals. 

b) A solution of 996 mg of trans-4-[trans-4-(4-pen 
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tenyl)-cyclohexy1]cyclohexanecarboxylic acid in 80 ml - 
of methylene chloride was treated with 752 mg of p 
?uorophenol, 61 mg of 4-(dimethylamino)pyridine and 
1.03 g of dicyclohexylcarbodiimide and stirred at room 
temperature for 15 hours. The reaction mixture was 
subsequently ?ltered. The ?ltrate was evaporated and 
the residue obtained was puri?ed by chromatography 
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on silica gel with ethyl acetate/petroleum ether (vol. 
3:97). Crystallization of the produce obtained (1.24 g) 
from 40 m1 of hexane gave 757 mg of pure trans-4 
[trans-4-(4-pentenyl)cyclohexyl]cyclohexanecarboxylic 
acid 4-fluorophenyl ester with m.p. (C-N) 70.3° C. and 
cl.p. (N-I) 158.7" C. 
The following compounds can be prepared in an 

analogous manner: 
trans-4-(4-Pentenyl)cyclohexanecarboxylic acid 4 

?uorophenyl ester, m.p. 31.3” C.; 
trans-4-(4-penteny1)cyclohexanecarboxylic acid 3,4 

di?uorophenyl ester, m.p. 12.4° C.; 
trans-4-(4~penteny1)cyc1ohexanecarboxylic acid 4 

chlorophenyl ester: 
4-(4-penteny1)benzoic acid 4-?uorophenyl ester; 
4-(4-pentenyl)benzoic acid 3,4-difluorophenyl ester; 
4-(3-butenyloxy)benzoic acid 4-fluorophenyl ester, 

m.p. 65° C.; 
4-(3-butenyloxy)benzoic acid 3,4-di?uoropheny1 es 

ter, m.p. 47.5° C.; 
4-(3-butenyloxy)benzoic acid 4-ch1orophenyl ester; 
trans-4-[trans-4-(4-penteny1)cyclohexy1]cyc1ohex 

anecarboxylic acid 3,4-di?uorophenyl ester; 
trans-4-[trans-4-(4-pentenyl)cyc1ohexyl]cyclohex 

anecarboxylic acid 4~chloropheny1 ester; 
trans-4-[trans-4-(4-pentenyl)cyclohexyl]cyclohex 

anecarboxylic acid 3~ch1oro~4~?uorophenyl ester; 
trans-4-[trans-4~(4-penteny1)cyc1ohexy1]cyclohex 

anecarboxylic acid 3-fluoro-4-chlorophenyl ester; 
4~[trans-4-(4-pentenyl)cyclohexyl]benzoic acid 4 

fluorophenyl ester; 
4-[trans-4-(4-pentenyl)cyclohexyllbenzoic acid 3,4 

di?uorophenyl ester; 
5-[trans-4-(4-penteny1)cyclohexy1]-2-pyrimidinecar 

boxylic acid 4-?uorophenyl ester; 
2-[trans-4-(4-penteny1)cyclohexy1]-5-pyrimidinecar 

boxylic acid 4-fluorophenyl ester; 
4-[5-(4-pentenyl)-2-pyrimidinyl]benzoic acid 4 

?uorophenyl ester; . 
4-[2-(4-penteny1)-5pyrimidinyl]benzoic acid 4 

?uorophenyl ester; 
trans-4-(4Z-hexenyl)cyclohexanecarboxylic acid 4 

fluorophenyl ester; 
trans-4-(4Z-hexeny1)cyclohexanecarboxylic 

3,4ditluorophenyl ester; 
4-(3Z-pentenyloxy)benzoic acid 4-?uorophenyl ester; 
trans-4-[trans-4-(4Z-hexenyl)cyclohexyl]cyclohex 

anecarboxylic acid 4-?uorophenyl ester; 
4-[trans-4-(4Z-hexenyl)cyc1ohexy1]benzoic acid 4 

?uorophenyl ester; 
trans-4-(3-butenyl)cyclohexanecarboxy1ic acid 3,4 

di?uorophenyl ester, m.p. 42.0° C.; 
trans-4-(3-butenyl)cyclohexanecarboxylic 

chlorophenyl ester; 
4»a11yoxybenzoic acid 4-fluorophenyl ester; 
4-allyloxybenzoic acid 3,4-difluorophenyl ester; 
4-allyloxybenzoic acid 4-chlorophenyl ester; 
trans-4-[trans-4-(2-butenyl)cyclohexyl]cyclohex 

anecarboxylic acid 3,4-di?uoropheny1 ester, m.p. (C-N) 
55.1’ C., cl.p. (N-I) 153.6° C.; 

trans-4-[trans-4-(3-butenyl)cyc1ohexy1]cyclohex 
anecarboxylic acid 4-chlorophenyl ester, m.p. (C-N) 
78.3“ C., cl.p. (N-I) 213.5‘ C.; 

trans-4-[trans-4~(3-butenyl)cyclohexy1]cyclohex 
anecarboxylic acid 3-chloro-4-?uorophenyl ester; 

trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclohex 
anecarboxylic acid 3-f1uoro-4-chlorophenyl ester; 

acid 

acid 4 
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4-[trans-4-(3-butenyl)cyclohexyl]benzoic acid 3,4 
di?uorophenyl ester; 

trans-4-(3E-pentenyl)cyclohexanecarboxylic 
3,4difluoropheny] ester; 
4-(2E-butenyloxy)benzoic acid 4-fluorophenyl ester. 

EXAMPLE 2 

a) 140.9 g of 2-(1,3-dioxolan-2-yl)ethyl-triphenyl 
phosphonium bromide were suspended in 4.5 l of tetra 
hydrofuran while gassing with nitrogen and the suspen 
sion was treated at 0° C. within 5 minutes with 36.8 g of 
potassium tert.butylate. The orange suspension was 
stirred at room temperature for a further 1 hour and 
treated within 5 minutes with 46.1 g of 4-(4oxocy 
clohexyl)benzamide. The reaction mixture was stirred 
at room temperature for a further 4.5 hours and then 
concentrated in a vacuum. The yellowish crystals ob 
tained (212.5 g) were treated with 1.2 l of diethyl ether. 
The mixture was stirred at room temperature for 30 
minutes and then suction ?ltered. The residue was 
washed with diethyl ether and then suspended in 700 ml 
of water. The mixture was stirred for 15 minutes and 
then suction ?ltered. The residue was washed with 
water and dissolved while heating in 600 ml of dioxan. 
The solution was left to cool to room temperature. The 
separated crystals were removed by ?ltration under 
suction, washed with a small amount of dioxan and 
hexane and fried at 60° C. in a vacuum, whereby there 
were obtained 39.2 g of crystalline 4-[4-[2(-l,3-dioxolan 
2-yl)ethylidene]cyclo-hexyl]benzamide with m.p. 
209°-2l2° C. Working-up of the mother liquor (72.6 g) 
gave a further 7.7 g of produce and 64.2 g of a second 
mother liquor. 

b) A mixture of 500 mg of 4-[4-[2-(1,3-dioxolan-2-yl) 
ethylidene]cyclohexyl]benzamide and 20 ml of dioxan/ 
triethylamine (vol. 9:1) was hydrogenated by means of 
500 mg of 10 percent platinum-charcoal for 2 hours. 
The reaction mixture was then ?ltered and the ?ltrate 
was evaporated. Recrystallization of the evaporation 
residue from 40 ml of dioxan gave 230 mg of 4-[trans-4 
[2-(1,3-dioxolan-2-yl)ethyl]cyclohexyl]benzamide as 
colorless crystals. 

c) 27 g of 4-[trans-4-{2-(1,3-dioxolan-2-yl) ethyl]cy 
clohexyllbenzamide were hydrogenated for 8 hours 
with 5 g of 5 percent ruthenium-charcoal in dioxan at 
120° C. and 40 bar hydrogen. The crude produce (25 g) 
obtained after ?ltration and washing with tetrahydrofu 
ran contained 69% of the cis isomer and 25% of the 
trans isomer of 4-[trans-4-[2-(1,3-dioxolan-2yl)ethyl]cy 
clohexyl]cyclohexanecarboxamide. 

d) 42 g of crude 4-[trans-4-[2-(1,3-dioxolan-2-yl)e 
thyl]cyclohexyl]cyclohexanecarboxamide were sus 
pended in 500 ml of ethylene glycol while gassing with 
argon and then treated with 19 g of solid potassium 
hydroxide. The mixture was heated to 180° C. (bath 
timperature) for 5 hours while stirring. After cooling 
the reaction mixture was poured into 500 ml of water, 
acidi?ed to pH about 3 with 10 percent hydrochloric 
acid and extracted three times with 300 ml of methylene 
chloride each time. The combined organic phases were 
washed once with 500 m1 of 1 percent hydrochloric 
acid and twice with 500 ml of water each time, dried 
over magnesium sulfate, ?ltered and evaporated. The 
dark brown crude product (41 g) was puri?ed by chro 
matography on silica gel with ethyl acetate. Crystalliza 
tion of the product obtained (36 g) from acetone gave 
13.8 g of pure trans-4-[trans-4-(_2-(1,3-dioxolan-2-yl)e 
thyl]cyclohexyl]cyclohexanecarboxylic acid. Working 
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up of the mother liquor gave a further 2.5 g of pure 
product. 

e) 18 g of trans-4-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl] 
cyclohexyl]cyclohexanecarboxylic acid were dissolved 
in 600 ml of chloroform while gassing with argon and 
the solution was treated dropwise at 0° C. while stirring 
within 3 minutes with a solution of 7.2 ml of ethyl chlo 
roformate in 40 ml of chloroform. The reaction solution 
was stirred for a further 30 minutes. Ammonia gas was 
then conducted into the solution during 10 minutes. The 
mixture was stirred at 0° C. for a further 30 minutes and 
then extracted twice with 300 ml of water each time. 
The aqueous phases were back-extracted with 100 ml of 
chloroform each time. The combined organic phases 
were dried over magnesium sulfate, ?ltered and evapo 
rated. Recrystallization of the brown crystalline crude 
product obtained (19 g) from 800 ml of methylene chlo 
ride gave 13 g of trans-4-[trans-4~[2~(1,3-dioxolan-2 
yl)cthyl]-cyclohexyl]cyclohexanecarboxamide as pale 
brown crystals. 

f) 2.1 g of trans-4-[trans-4»[2-(l,3-dioxolan-2-yl) 
ethyl]cyclohexyl]cyclohexanecarboxamide were sus 
pended in 60ml of dimethylformamide while gassing 
with argon. The suspension was treated with 1.32 ml of 
pyridine and 0.898 ml of methanesulfochloride and 
stirred at 60° C. (bath temperature) for 1.5 hours. The 
reaction solution was subsequently partitioned in meth 
ylene chloride and 10 percent hydrochloric acid. The 
aqueous phase was extracted twice with 100 ml of meth 
ylene chloride each time. The organic phases were 
washed twice with 100 ml of water each time, dried 
over magnesium sulfate, ?ltered and concentrated. 
There were thus obtained 2.5 g of trans-4-[trans-4 
[2(1,3-dioxolan-2-yl)ethyl]cyclohexyl]cyc1ohexanecar 
bonitrile as yellow crystals in a purity of 96%. 

g) 3.0 g of crude trans-4-[trans-4-[2-(l,3-dioxolan-2 
yl)ethyl]cyclohexyl]cyclohexanecarbonitrile were sus 
pended in 50 ml of water, 25 ml of glacial acetic acid 
and 10 ml of dioxan while gassing with argon and 
stirred at 100° C. for 1 hour. Thereafter, the reaction 
solution was treated with 100 ml of water. The aqueous 
phase was separated and extracted three times with 100 
ml of diethyl ether each time. The organic phases were 
washed with 100 ml of dilute sodium hydrogen carbon 
ate solution and with 100 m1 of water, dried over mag 
nesium sulfate, ?ltered and concentrated. Recrystalliza 
tion of the yellow crystals obtained (2.25 g) from 60 ml 
of hexane gave 1.98 g of 3-[trans-4~(trans-4-cyanocy 
clohexyl)cyc1ohexyl]-propionaldehyde as colorless 
crystals. 

h) 4.11 g of methoxymethyl-triphenylphosphonium 
chloride were suspended in 60 ml of tert.butyl methyl 
ether while gassing with argon and treated at room 
temperature within 2 minutes with 1.26 g of potassium 
tert.butylate. The suspension was. stirred at room tem 
perature for a further 1 hour, then cooled at 0° C. and 
treated dropwise within 5 minutes with a solution of 
1.98 g of 3-[trans-4-(trans-4-cyanocyclohexyl)cyclohex 
yl]propionaldehyde in 25 ml of tert.butyl methyl ether. 
The reaction mixture was stirred at 0° C. for a further 45 
minutes, the diluted with 100 ml of water and extracted 
three times with 100 ml of diethyl ether each time. The 
organic phases were washed twice with 100 ml of water 
each time, dried over magnesium sulfate, ?ltered and 
concentrated. Chromatographic puri?cation of the 
crude produce (5.1 g) on silica gel at 0.5 bar with ethyl 
acetate/petroleum ether (vol. 5:95) gave 2.0 g of trans 
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4-[trans-4-(4-methoxy-3-butenyl)cyclohexyl]cyclohex 
anecarbonitrile as a colorless milky oil. 

i) 1.65 g of trans-4-[trans-4-(4-methoxy-3-butenyl)cy 
clohexyl]cyclohexanecarbonitrile were suspended in 50 
ml of water, 25 ml of glacial acetic acid and 12 ml of 5 
dioxan while gassing with argon. The suspension was 
stirred at 80° C. (bath temperature) for 2 hours and then 
diluted with 50 ml of water. The aqueous phase was 
separated and extracted three times with 100 ml of di 
ethyl ether each time. The organic phases were washed 
twice with 100 ml of water each time, then with 100 ml 
of saturated sodium hydrogen carbonate solution and 
again with 100 ml of water, then dried over magnesium 
sulfate, ?ltered and concentrated. There were thus ob 
tained 1.5 g of 4-[trans~4-(trans-4-cyanocyclohexyl)cy 
clohexyl]butyraldehyde as colorless crystals. 

j) 3.28 g of methyltriphenylphosphonium bromide 
were suspended in 40 ml of tert.butyl methyl ether 
while gassing with argon. The suspension was treated at 
room temperature within 1 minute with 962 mg of po 
tassium tert.butylate and stirred for 1 hour. The mixture 
was subsequently cooled to 0° C., treated dropwise 
within 3 minutes with a solution of 1.5 g of 4-[trans-4 
(trans-4-cyanocyclohexyl)cyclohexyl]butyraldehyde in 
20 ml of tert.butyl methyl ether and stirred at 0° C. for 
a further 45 minutes. Thereafter, the reaction mixture 
was diluted with 80 ml of water and extracted three 
times with 100 ml of petroleum ether each time. The 
organic phases were washed twice with 100 ml of water 
each time, dried over magnesium sulfate, ?ltered and 
concentrated. Chromatographic puri?cation ‘of the 
crude produce (2.] g) on silica gel at 0.5 bar with ethyl 
acetate/ petroleum ether (vol. 2.98) and recrystallization 
from 20 m1 of methanol gave 1.26 g of trans-4-[trans-4 
(4-pentenyl)cyclohexyl]-cyclohexanecarbonitrile as 
colorless crystals with m.p. (C-SB) 20.l° C., SB-N 369° 
C., cl.p. (N-I) 54.8’ C. 
The following compounds can be prepared in an 

analogous manner: 
trans-4-[trans-4-(4Z-l-lexenyl)cyclohexyl]cyclohex 

anecarbonitrile; _ 

trans-4-[trans-4-(4Z—heptenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(4Z-octenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(4Z-nonenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(4Z-decenyl)cyclohexyl]cyclohex 
anecarbonitrile. 
The following compounds can be prepared by react 

ing the 3-[trans-4-(trans-4-cyanocyclohexyl)cyclohex 
yl]propionaldehyde, obtained in step g), in an analogous 
manner to step j) and if necessary E/Z isomerization in 
an analogous manner to Example 3k): 

trans-4-[trans-4-(3-Buteny1)cyclohexyl]cyclohex 
anecarbonitrile; r'Lp. (C-N) 50.7“ C., cl.p. (N-I) 82.7" C.; 

trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cyclohex 
anecarbonitrile; m.p. (C-N) 79.4° C., cl.p. (N-l) 99.5° C.; 

trans-4-[trans-4-(3E-hexenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(3E-heptenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(3E-octenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(3E-nonenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(3E-decenyl)cyclohexyl]cyclohex 
anecarbonitrile; 
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The following compounds can be prepared by react 

ing the 4-(4-oxocyclohexyDbenzamide in an analogous 
manner to steps h) and i), acetalizing the 4-(trans-4-for 
mylcyclohexyl)benzamide, obtained by crystallization, 
with ethylene glycol in the presence of p-toluenesul 
fonic acid, further reaction of the dioxolane in an analo 
gous manner to steps c) to g), subsequent Wittig reac 
tion in an analogous manner to step j) and if necessary 
E/Z isomerization in an analogous manner to Example 
3k): 

trans-4-(trans~4-Vinylcyclohexyl)cyclohexanecar 
bonitrile 

trans-4-[trans-4-(lE-propenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4»(lE-butenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4»[trans-4-(lE-pentenyDcyclohexyl]cyclohex 
anecarbonitrile; 

trans~4~[trans~4-(lE-hexenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans'4-(lE-heptenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(lE-octenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(lE-nonenyl)cyclohexyl]cyclohex 
anecarbonitrile; 

trans-4-[trans-4-(lE-decenyl)cyclohexyl]cyclohex 
anecarbonitrile; 
The following compounds can also be prepared start 

ing from 4-[2-(4-oxocyclohexyl)ethyl]benzamide 
[preparable from the nitrile described in Mol. Cryst. 
Liq. Cryst. 131, 327 (1985)] in an analogous manner to 
the above method: ' 

trans-4-[2-(trans-4-(4-Pentenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(4Z-hexenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(4Z-heptenyl)cyclohexyl)ethyl] 
cyclohexanecarbonitrile; 

trans-4-[2-(trans-4-(4Z-octenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4»-[2-(trans-4-(4Z-nonenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(4Z-decenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(3butenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(2E-pentenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4~(3E~hexenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(3E-heptenyl)cyclohexyl)ethyl] 
cyclohexanecarbonitrile; 

trans-4-[2-(trans-4-(3E-octenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(3E-nonenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(3E-decenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-vinylcyclohexyl)ethyl]cyclohex 
anecarbonitrile; 

trans-4-[2-(trans-4-(lE-propenyl)cyclohexyl)ethyl] 
cyclohexanecarbonitrile; 

trans-4-[2-(trans-4-( l E-butenyDcyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4»[2-(trans-4-(lE-pentenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 
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trans-4-[2-(trans-4-(1E-hexenyl)cyclohexyl)ethy1]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(1E-heptenyl)cyclohexyl)ethyl] 
cyclohexanecarbonitrile; 

trans-4-[2-(trans-4-( l E-octenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-(l E-nonenyl)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

trans-4-[2-(trans-4-( 1E-deceny1)cyclohexyl)ethyl]cy 
clohexanecarbonitrile; 

EXAMPLE 3 

a) A suspension of 109.6 g of 4-(4-nitrophenyl)cy 
clohexanone (preparable by nitrating 4-phenylcy 
clohexanone) in l l of dioxan was treated with 50 ml of 
triethylamine and 2 g of 5 percent palladium-charcoal 
and hydrogenated at room temperature and 0.3 bar 
hydrogen pressure while stirring well. After 2 hours the 
mixture was ?ltered. The ?ltrate was evaporated on a 
water-jet vacuum at a bath temperature of 30° C. and 
the evaporation residue was dried at 40° C. overnight in 
a drying oven under a water-jet vacuum. There were 
thus obtained 94.5 g of 4-(4-aminophenyl)cyclohexa 
none as white crystals with m.p. 127°-l28° C. 

b) 200 ml of 4 N sulfuric acid were heated to 80° C. in 
a sulfonation ?ask and then treated with about 5% of a 
solution of 37.9 g of 4-(4-aminophenyl)cyclohexanone 
in 200 ml of 4 N sulfuric acid. Subsequently, the remain 
ing solution of 4-(4-aminophenyl)cyclohexanone as well 
as a solution of 15.2 g of sodium nitrite in 45 ml of water 
were simultaneously added dropwise to the reaction 
mixture at 80° C. within 1.5 hours. Thereafter, the mix 
ture was treated dropwise at 80° C. within 30 minutes 
with a solution of 9 g of sodium nitrite in 27 ml of water 
and stirred at 80° C. for a further 1 hour. After cooling 
the reaction mixture to 0° C. the separated crystals were 
removed by ?ltration under suction, washed with 200 
ml of cold water and dried up to constant weight at 60° 
C. in a drying oven under a water-jet vacuum. The 
crystalline crude product (34.6 g) was suspended in 520 
ml of ethyl acetate. The suspension was heated to re?ux 
for 1 hour, then treated with 1.7 g of active carbon and 
then heated to reflux for a further 1 hour. The mixture 
was subsequently suction ?ltered (rinsing with 40 ml ‘of 
warm ethyl acetate) and the ?ltrate was evaporated 
under a water-jet vacuum at a bath temperature of 40° 
C. Drying of the evaporation residue up to constant 
weight at 60° C. in a drying oven under a water-jet 
vacuum gave 32.2 g of 4-(4-hydroxyphenyl)cyclohexa 
none as yellow-brown crystals with m.p. l65°—166° C. 

c) A suspension of 3.8 g of 4-(4-hydroxyphenyl)cy 
clohexanone in 60 of tert.butyl methyl ether was treated 
in a sulfonation ?ask under a weak stream of nitrogen 
with 10.6 g of 2-(1,3-dioxo1an-2-yl)ethyl-triphenylphos 
phonium bromide and 2.2 g of potassium tert.butylate. 
The mixture was ?rstly stirred for 30 minutes, then 
treated portionwise within 2.25 hours at 25° C. with a 
further 2.7 g of potassium tert.butylate and stirred at 
room temperature for a further 1 hour. Thereafter, the 
reaction mixture was treated with an additional 1.8 g of 
2-(1,3-dioxolan-2-y1)ethyl-tripheny1phosphonium bro 
mide and 0.45 g of potassium tert.butylate and stirred 
for a further 1 hour. Subsequently, the reaction mixture 
was poured into 80 ml of water and acidi?ed with 11 ml 
of 2 N sulfuric acid. The aqueous phase was separated 
and extracted twice with 80 ml of tert.butyl methyl 
ether each time. The organic phases were washed twice 
with 50 ml of water each time, dried over sodium sulfate 
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and suction ?ltered. The ?ltrate was evaporated up to 
constant weight under a water~jet vacuum at a bath 
temperature of 40° C. The reddish oil obtained (10.9 g) 
was separated by chromatography on silica gel with 
toluene and t0luene/tert.butyl methyl ether (vol; 20:1). 
Evaporation of the product fractions in a water-jet 
vacuum and drying the residue up to constant weight in 
a drying oven under a water-jet vacuum at 60° C. ?nally 
gave 4.5 g of 4-[4-[2-(l,3-dioxolan-2-yl)ethylidene]cy 
clohexyl]phenol as yellowish crystals with m.p. 
125.5°—126.5° C. 

d) A solution of 36.5 g of 4-[4-[2-(1,3-dioxolan-2-yl) 
ethylidene]cyclohexyl]phenol in 500 ml of toluene and 
50 ml of triethylamine was hydrogenated in a hydroge 
nation autoclave at 90° C. for 1 hour with 3.2 g of 5 
percent platinum-charcoal and 10 bar of hydrogen. The 
mixture was subsequently suction ?ltered and the resi 
due was washed with 30 m1 of warm toluene. The ?l 
trate was evaporated up to constant weight under a 
water-jet vacuum at a bath temperature of 40° C. The 
white crystals obtained (37 g) were dissolved in 180 ml 
of methanol while heating. The solution was left to cool 
to room temperature and then placed in a refrigerator 
for 5 hours. The crystals were subsequently removed by 
?ltration under suction, washed with 50 ml of cold 
methanol and dried at 60° C. in a drying oven under a 
water-jet vacuum. There were thus obtained 27.6 g of 
4-[trans-4-[2-(l,3-dioxolan-2-yl)ethyl]cyclohexyl] 
phenol as white crystals with m.p. l53.5°-154.5° C. 

e) A mixture of 100 g of 4-[trans-4-[2-(1,3-dioxolan-2 
yl)ethyl]cyclohexyl]phenol, 10 g of 5 percent rhodium 
/aluminum oxide and 1 l of ethyl acetate was hydroge 
nated in a steel stirring autoclave with 50 bar of hydro 
gen at 80° C. for 90 minutes. The catalyst was then 
removed by ?ltration under suction and washed with 
100 ml of ethyl acetate. The ?ltrate was evaporated and 
the residue was dried at 25° C./0.4 mbar. There were 
thus obtained 101.75 g of 4-[trans-4-[2-(1,3-dioxolan-2 
yl)ethyl]cyclohexyl]cyc1ohexanol containing 59% of 
cis isomer and 36% of trans isomer. 

f) A solution of 12.9 g of pyridinium chlorochromate 
in 80 ml of methylene chloride was treated dropwise 
within 5 minutes at room temperature while gassing 
with nitrogen with a solution of 13.0 g of 4-[trans-4-[2 
(1,3-dioxolan-2-yl)ethyl]cyclohexyl]cyclohexanol in 40 
ml of methylene chloride. The mixture was stirred for a 
further 1 hour, then diluted with 100 ml of diethyl ether 
and ?ltered and the ?ltrate was evaporated. The evapo 
ration residue was taken up in 200 ml of diethyl ether, 
the mixture was ?ltered, the ?ltrate was evaporated and 
then this procedure was repeated twice more. Thereaf 
ter, the brownish solid mass obtained (12.1 g) was sepa 
rated by chromatography on silica gel with ethyl aceta 
te/petroleum ether (vol. 1:4). Crystallization of the 
colorless ketone fraction from 60 m1 of ethyl acetate and 
200 ml of petroleum ether ?nally gave 7.0 g of pure 
4-[trans-4-[2-(l,3~dioxolan-2-yl)ethyl]cyclohexyl]cy 
clohexanone. 

g) A suspension of 2.97 g of sodium borohydride in 
300 ml if isopropanol was treated dropwise while gas 
sing with nitrogen at —70° C. with a solution of 11 g of 
4-[trans-4-[2-(l,3-dioxolan-2-yl)ethyl]cyclohexyl]cy 
clohexanone in 200 ml of isopropanol. After about 1 
hour the reaction mixture was left to warm to room 
temperature, diluted with 500 ml of 0.1 N hydrochloric 
acid and extracted three times with 300 ml of methylene 
chloride each time. The organic phases were washed 
with water, dried over magnesium sulfate, ?ltered and 
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evaporated. Crystallization of the residue (ll g) from 
500 ml of ethyl acetate/petroleum ether (vol. 3:5) gave 
6.6 g of pure trans-4-[trans-4-[2-(l,3-dioxolan-2-yl)e 
thyl]cyclohexyl]cyclohexanol with m.p. l29.5° C. 

h) 2.04 g of sodium hydride as an about 50 percent 
oily suspension were placed in a round ?ask while gas 
sing with nitrogen and washed twice with pentane. 
Then, 40 ml of dry tetrahydrofuran and a solution of 6.0 
g of trans-4-[trans-4-[2-(l,3-dioxolan-2-yl)ethyl]cy 
clohexyl]cyclohexanol in 30 ml of tetrahydrofuran were 
added to the sodium hydride. The mixture was stirred at 
room temperature for 30 minutes, then treated with 4.0 
ml of methyl iodide and heated to re?ux for 2 hours. 
Subsequently, the reaction mixture was cooled, taken 
up in 200 ml of diethyl ethyl and washed three times 
with 200 ml of water each time. The organic phase was 
fried over magnesium sulfate, ?ltered and evaporated, 
whereby there were obtained 6.3 g of 2-[2-[trans-4 
(trans-4-methoxycyclohexyl)cyclohexyl]ethyl]-1,3 
dioxolane with m.p. 74° C. 

i) 6.2 g of 2-[2-[trans-4-(trans-4-methoxycyclohexyl) 
cyclohexyl]ethyl]-l,3-dioxolane were treated with 100 
ml of water, 50 ml of glacial acetic acid and 20 ml of 
dioxan while gassing with nitrogen. The mixture was 
stirred at 100° C. (bath temperature) for 1.5 hours, then 
neutralized with dilute sodium hydrogen carbonate 
solution and extracted three times with diethyl ether. 

' The combined ether phases were washed once with 
water and twice with dilute sodium hydrogen carbonate 
solution, dried over magnesium sulfate, ?ltered and 
evaporated. Recrystallization of the crude aldehyde 
obtained (4.34 g) from 150 ml of petroleum ether at 
—20° C. gave 2.8 g of 3-trans-4-(trans-4-methoxycy 
clohexyl)cyclohexyl]propionaldehyde in a purity of 
96%. 

j) 2.65 g» of ethyltriphenylphosphonium bromide were 
suspended in 40 ml of tert.butyl methyl ether while 
gassing with argon. The suspension was treated at room 
temperature with 797 mg of potassium tert.butylate and 
stirred for 1 hour. The mixture was subsequently cooled 
to 0° C., treated dropwise within 3 minutes with a solu 
tion of 1.1 g of 3-[trans-4-(trans-4-methoxycyclohexyl) 
cyclohexyl]propionaldehyde in 15 ml of tert.butyl 
methyl ether and then left to warm slowly to room 
temperature while stirring. After 2 hours the pale yel 
low suspension was partitioned in diethyl ether/water. 
The aqueous phase was separated and washed three 
times diethyl ether. The organic phases were washed 
twice with water, dried over magnesium sulfate, ?ltered 
and evaporated. Chromatographic puri?cation of the 
yellow, solid crude product on silica gel with ethyl 
acetate/petroleum ether (vol. 3.97) gave 0.91 g of trans 
4-(3-pentenyl)-1-(trans-4-methoxycyclohexyl)cyclohex 
ane with a Z/E ratio of 86:11. 

it) 0.91 g of trans-4-(3-pentenyl)-l-(trans-4-methox 
ycyclohexyl)cyclohexane (Z/E==86:11) was f‘eated 
with 6 ml of toluene. 0.11 g of sodium benzenesul?nate 
and 1 ml of 1 N hydrochloric acid while gassing with 
nitrogen. The mixture was stirred at 50° C. for 15 hours, 
then poured into 100 ml of dilute sodium hydrogen 
carbonate solution and extracted three times with 50 m1 
of diethyl ether each time. The combined organic pha 
ses were washed with 100 ml of dilute sodium carbonate 
solution and with 100 ml of water, dried over magne 
sium sulfate, ?ltered and evaporated. The yellowish oil 
obtained (0.9 g) was puri?ed by chromatography on 
silver nitrate-impregnated silica gel with diethyl ether/ 
hexane (vol. 1:9). Recrystallization of the product ob‘ 
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tained (486 mg) from 10 ml of methanol at —20° C. gave 
pure trans-4-(3E-pentenyl)-l-(trans-4-methoxycy 
clohexyl)cyclohexane with m.p. (C-N) 16.6° C. and cl.p. 
(N-I) 43.7" c. 
The following compounds can be prepared in an 

analogous manner: 
trans-4-(3-Butenyl)-1-(trans~4-methoxycyclohexyl) 

cyclohexane, mp. (C-N) -— 13.6° C., cl.p. (NJ) 180'’ C.; 
trans-4-(3-butenyl)-l-(trans-4»ethoxycyclohexyl)cy 

clohexane, m.p. (C-N) 13.1" C., cl.p. (N-I) 45.3° C.; 
trans-4-(3-buten yl)- l-(trans-4-propyloxycyclohexyl) 

cyclohexane; 
trans-4—(3-butenyl)-l-(trans-4-butyloxycyclohexyl) 

cyclohexane; 
trans-4-(3-butenyl)- l -(trans-4-pentyloxycyclohexyl) 

cyclohexane; 
trans-4»(3-butenyl)-l-(trans~4-hexyloxycyclohexyl) 

cyclohexane; 
trans-4-(3E~pentenyl)- l -(trans-4-ethoxycyclohexyl) 

cyclohexane, m.p. (C-N) 44.5" C., cl.p. (N-I) 76.5“ C.; 
trans-4-(3E-pentenyl)-l-(trans-4-propyloxycyclohex 

yl)-cyclohexane; 
trans—4-(3E-pentenyl)-l-(trans-4-butyloxycyclohex 

yl)-cyclohexane; 
trans-4-(3 E-pentenyl)- 1-(trans-4-pentyloxycyclohex 

yl)-cyclohexane; 
trans-4-'(3E-pentenyl)- l -(trans-4-hexyloxycyclohex 

yl)-cyclohexane; 
trans-4-(3E-pentenyl)-1-(trans-4-methoxycyclohex 

yl)-cyclohexane; 
trans~4-(3E-hexenyl)-l-(trans-4-ethoxycyclohexyl) 

cyclohexane; 
trans-4-(3E-hexenyl)- l -(trans-4-propyloxycyclohex 

yl)-cyclohexane; 
trans-4~(3E-hexenyl)-l-(trans’4-butyloxycyclohexyl) 

cyclohexane; 
trans-4-(3E-hexenyl)-1-(trans-4-pentyloxycyclohex 

yl)-cyclohexane; 
trans-4-(3E-hexenyl)-1-(trans'4-hexyloxycyclohex 

yl)-cyclohexane. 
The following compounds can be prepared in an 

analogous manner to steps a) to i) and further reaction 
of the propionaldehyde obtained in an analogous man 
ner to Example 2, steps h), i) and j): 

trans-4-(4-Pentenyl)-l-(trans-4-methoxycyclohexyl) 
cyclohexane, m.p. (C-SB) 7.7" C., cl.p. (SB-l) 14.0“ C.; 

trans-4-(4-pentenyl)- l -(trans-4-ethoxycyclohexyl)cy 
clohexane, mp. (083) 105' C., cl.p. (SB-I) 431° C.; 

trans-4-(4-pentenyl)-l-(trans-4-propyloxycyc1ohex 
yl)-cyclohexane; 

trans-4-(4-pentenyl)-l-(trans-4-butyloxycyclohexyl) 
cyclohexane; 

trans—4-(4-pentenyl)-l-(trans-4-pentyloxycyclohex 
yl)-cyclohexane; 

trans-4¢(4-pentenyl)-l-(trans-4-hexyloxycyclohexyl) 
cyclohexane; ' 

trans-4-(4Z-hexenyl)-l-(trans-4-methoxycyclohexyl) 
cyclohexane; 

trans-4-(4Z-hexenyl)- 1-(trans-4-ethoxycyclohexyl) 
cyclohexane; 

trans.4-(4Z-hexenyl)-l-(trans-4-propyloxycyclohex 
yl)-cyclohexane; 

trans-4-(4Z-hexenyl)- l -(trans-4-butyloxycyclohexyl) 
cyclohexane; 

trans-4-(4Z-hexenyl)- l -(trans-4-pentyloxycyclohex 
yl)-cyclohexane; 

trans-4-(4Z-hexenyl)-1-(trans-4-hexyloxycyclohex 
yl)-cyclohexane; 
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trans-4-( l E-butenyl)-1-[2-(trans-4-methoxycyclohex 
yl)-ethyl]cyclohexane; 

trans-4-(lE-butenyl)-l-[2-(trans-4-ethoxycyclohex 
yl)-ethyl]cyclohexane; 

trans-4-(lE-butenyl)-l-[2-(trans-4-propyloxycy 
clohexyl)-ethyl]cyclohexane; 

trans-4-(lE-butenyl)- 1 -[2-(trans-4-butyloxycyclohex 
yl)-ethyl]cyclohexane; 

trans-4-(1E~buteny1)-1-[2-(trans-4~pentyloxycy 
clohexyl)-ethyl]cyclohexane; 

trans-4-(lE-pentenyl)- 1 -[2-(trans-4-methoxycy 
clohexy1)-ethyl]cyclohexane; 

trans-4-(lE-pentenyl)-l-[2-(trans-4-ethoxycyc1ohex 
yl)-ethyl]cyclohexane; 

trans-4-( l E-pentenyl)- l -[2-(trans-4-propyloxycy 
clohexyl)ethyl]cyclohexane; 

trans-4-(1E-pentenyl)- l -[2-(trans-4-butyloxycy 
clohexyl)-ethy1]cyclohexane. 

EXAMPLE 4 

a) A Grignard solution from 3.56 g of magnesium and 
16.75 ml of 1-bromo-4-?uorobenzene in 70 ml of tetra 
hydrofuran was treated dropwise at 0° C. within 30 
minutes with a solution of 33.1 g of 4-[trans-4-[2-(l,3 
dioxolan-2-yl)ethyl]cyclohexyl]cyclohexanone (pre 
pared according to Example 3) in 90 ml of tetrahydrofu 
ran. The reaction mixture was stirred at room tempera 
ture for a further 4 hours and then heated to boiling for 
1.5 hours. Subsequently, the reaction mixture was left to 
cool, diluted with 100 ml of diethyl ether and washed 
with 80 ml of semi-saturated ammonium chloride solu 
tion. The aqueous phase was back-extracted with 100 
ml of diethyl ether. The combined organic phases were 
washed three times with 60 ml of saturated sodium 
chloride solution each time, dried over sodium sulfate, 
?ltered and evaporated. There were thus obtained 41.0 
g of crude l-[4-[trans-4-(2-(l,3-dioxolan‘ 2-yl)ethyl]cy 
clohexyl]-l-hydroxycyclohexyl]-4-?uorobenzene. 

b) A solution of 41.0 g of crude l-[4-[trans-4-(2-(l,3 
dioxolan-2-yl)ethyl]cyclohexyl]-l-hydroxycyc1ohexyl] 
4-?uorobenzene in 225 ml of m-xylene was treated with 
15 g of potassium hydrogen sulfate andthe mixture was 
heated to boiling for 11 hours while stirring. After cool 
ing the salt was removed by ?ltration. The ?ltrate was 
diluted with 250 ml of diethyl ether, washed with 200 
ml of saturated sodium hydrogen carbonate solution 
and washed twice with 150 ml of water each time, dried 
over sodium sulfate and concentrated. There were thus 
obtained 30.3 g of crude 1-[4-[trans-4-(2-(l,3-dioxolan-2 
yl)ethyl)cyclohexyl]-1-cyclohexenyl]-4-fluorobenzene. 

c) A solution of 31.5 g of crude l-[4-[trans~4-(2-(l,3 
dioxolan-2-yl)ethyl)cyclohexy1]-l-cyclohexenyl]-4 
?uorobenzene and 0.5 ml of triethylamine in 1 l of tolu 
ene was hydrogenated at room temperature and normal 
pressure with 4.5 g of 5 percent palladium-charcoal 
until the hydrogen uptake came to a standstill. The 
catalyst was removed by ?ltration and the ?ltrate was 
evaporated. For the isomerization, the resulting 1-[4 
[trans-4-(2-(l,3-dioxolan-2-yl)ethyl)-cyclohexyl]cy 
clohexyl]-4-?uorobenzene (31.1 g; cis/trans ratio about 
1:1) was treated with a solution of 10.0 g of potassium 

10 

15 

20 

25 

30 

35 

45 

50 

55 

tert.butylate in 310 m1 of N,N-dimethylformamide and - 
heated to 105° C. for 23 hours. Subsequently, the reac 
tion mixture was poured on to 400 g of ice and 100 ml 
of saturated sodium hydrogen carbonate solution. The 
mixture was extracted once with 500 ml of diethyl ether 
and twice with 250 ml of diethyl ether each time. The 
organic phases were washed three times with 200 ml of 
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water each time, dried over sodium sulfate, ?ltered and 
evaporated. There were thus obtained 30.5 g of pre 
dominantly solid l-[trans-4-[trans-4~(2-(1,3-dioxolan-2 
yl)ethyl)cyclohexyl]cyclohexyl]~4-?uorobenzene 
which was further processed without additional puri? 
cation. 
The following compounds can be prepared in an 

analogous manner: 
1-[trans-4_[trans-4-(2-(1,3-Dioxo1an-2-yl)ethyl)cy 

clohexyl]cyclohexyl]-3,4-di?uorobenzene; 
1{trans-4-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl)cy 

clohexyl]cyclohexyl1-3-ch1oro-4-fluorobenzene; 
1-[trans-4-[trans-4~(2-(l,3-dioxolan-2-yl)ethyl)cy 

clohexyl]cyclohexyl]-3-?uoro-4-chlorobenzene; 
l-[trans-4-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl)cy 

clohexyl]cyclohexyl]-4»chlorobenzene; 
l-[trans-4-[2-[trans-4~(2-(1,3-dioxolan-2-yl)ethyl) 

cyclohexyl]ethyl]cyclohexyl]-4-?uorobenzene; 
l-[trans~4-[2-[trans-4-(2-(1,3»dioxolan-2-yl)ethyl) 

cyclohexyl]ethyl]cyclohexyl]-3,4-di?uorobenzene; 
l-[trans-4-[2-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl) 

cyclohexyl]ethyl]cyclohexyl]-3-chloro-4~?uoroben 
zene; 

1-[trans»4-[2-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl) 
cyclohexyl]ethyl]cyclohexyl]-4-chlorobenzene;‘ 

l-[trans-4-[2-[trans-4~(2-(1,3-dioxolan-2-yl)ethyl) 
cyclohexyl]ethyl]cyclohexyl]-3-?uoro-4-chloroben 
zene. 

EXAMPLE 5 

a) A solution of 3.1 g of trans-4-[trans-4-[2-(1,3-dioxo 
Ian-2-yl)ethyl]cyclohexyl]cyclohexanecarboxylic acid 
(prepared according to Example 2) in 50 ml of dry 
diethyl ether is treated at 0° C. with 380 mg of lithium 
aluminium hydride and then heated to re?ux for 4 
hours. Thereafter, the reaction mixture is cooled, 

' treated with ice-water and ammonium chloride solution 
and extracted with diethyl ether. The organic phase is 
washed with water, dried over magnesium sulfate, ?l 
tered and evaporated. The resulting crude product of 
[trans-4-[trans-4-(2-(l,3-dioxolan-2-yl)-ethyl)cyclohex 
yl]cyclohexyl]methanol is used without additional puri 
?cation. 

b) A solution of 2.96 g of crude [trans»4-[trans-4-(2 
(l,3-dioxolan-2-yl)ethyl)cyclohexyl]cyclohexyl]me 
thanol in 20 ml of dry pyridine is treated at 0° C. with 
2.1 g of p-toluenesulfonyl chloride. The mixture is 
stirred at room temperature for 15 hours, then diluted 
with 200 ml methylene chloride and washed several 
times with water. The organic phase is fried over mag 
nesium sulfate, ?ltered and evaporated. Chromato 
graphic puri?cation of the resulting crude product on 
silica gel with ethyl acetate/petroleum ether (vol. 1:9) 
gives [trans-4-]trans-4-(2-(l,3-dioxolan-2~yl)ethyl)cy 
clohexyl]cyclohexyl]methyl p-toluenesulfonate. 

c) A solution of 0.33 g of potassium hydroxide in 7 ml 
of 95 percent ethanol is treated with 1.12 g of p-fluoro 
phenol. Thereafter, the mixture is treated with a solu 
tion of 2.26 g of [trans-4-[trans-4»(2-(l,3-dioxolan-2-yl) 
ethy1)cyclohexyl]cyclohexyl]methyl p-toluenesulfonate 
in 23 ml of ethanol and stirred at 80° C. (bath tempera 
ture) for 24 hours. Subsequently, the reaction mixture is 
partitioned in 1 N hydrochloric acid and methylene 
chloride. The organic phase is washed several times 
with water, dried over magnesium sulfate, ?ltered and 
evaporated. Chromatographic puri?cation of the result 
ing crude product on silica gel with ethyl acetate/pe 
troleum ether gives 1-[[trans-4-(trans-4-(2-(1,3-dioxolan 
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2-yl)-ethyl)cyclohexyl]cyclohexy?methoxy]~4-?uoro 
benzene. 
The following compounds can be prepared in an 

analogous manner: 
1-[[trans-4-(trans-4-(2-(l,3-Dioxolan-2-yl)-ethyl)cy 

c1ohexyl)cyclohexyl]methoxy]-3,4-di?uorobenzene; 
1-[[trans-4-(trans-4-(2-(l,3'dioxolan-2-yl)-ethyl)cy 

clohexyl)cyclohexyl]methoxy]-3-chloro-4-?uoroben 
zene; 

l-[[trans-4-(trans-4-(2-(1,3-dioxolan-2-yl)-ethyl)cy 
clohexyl)cyclohexyl]methoxy]-4-chlorobenzene; 

l-[[trans-4-(trans-4-(2-(1,3-dioxolan-2-yl)-ethyl)cy 
clohexyl)cyclohexyllmethoxy]-3-?uoro-4~chloroben 
zene. 

EXAMPLE 6 

a) A solution of 3.1 g of pyridinium chlorochromate 
in 20 ml of methylene chloride is treated dropwise at 
room temperature with a solution of 3 g of [trans-4 
[trans-4-(2-(1,3-dioxolan-2-yl)ethyl)cyclohexyl]cy 
clohexyl]methanol (preparable according to Example 5) 
in 10 ml of methylene chloride. The mixture is stirred 
for a further 1 hour, then diluted with 50 ml of diethyl 
ether and ?ltered. The ?ltrate is evaporated, the evapo 
ration residue is taken up in 50 ml of diethyl ether and 
the solution obtained is again ?ltered. Chromatographic 
puri?cation on silica gel with ethyl acetate/hexane ? 
nally gives trans-4-[trans-4-[2-(l,3-dioxolan-2-yl)ethyl] 
cyclohexyl]cyclohexanecarboxaldehyde. 

b) 3 g of p-?uorobenzyl-triphenylphosphonium bro 
mide (preparable from p-?uorobenzyl bromide and 
triphenylphosphine) are suspended in 50 ml of tert.butyl 
methyl ether. The suspension is treated’ at room temper 
ature with 0.75 g of potassium tert.butylate and stirred 
for 1.5 hours. Subsequently, the mixture is treated drop 
wise at 0° C. within 5 minutes with a solution of 1.40 g 
of trans-4-[trans-4-[2-(l,3-dioxolan-2-yl)ethyl]cyclohex 
yl]cyclohexanecarboxaldehyde in 25 ml of tert.butyl 
methyl ether and stirred at room temperature for a 
further 24 hours. Thereafter, the reaction mixture is 
taken up diethyl ether, washed several times with wa 
ter, dried over magensium sulfate, ?ltered and concen 
trated. Chromatographic puri?cation of the resulting 
crude product on silica gel with ethyl acetate/pe 
troleurn ether (vol. 3:97) gives B-[trans-4-[trans-4-(2 
(l,3-dioxolan-2-yl)ethyl)cyclohexyl]cyclohexyl]-4 
?uoroistyrene. 

c) A solution of 1 g of B-[trans-4-[trans-4-(2-(l,3-diox 
olan-2-yl)ethyl)cyclohexyl]cyclohexy1]-4»?uorostyrene 
in 10 mlof toluene and 5 ml of ethanol is hydrogenated 
with 500 mg of 5 percent palladium‘charcoal at room 
temperature and normal pressure until the hydrogen 
uptake comes to a standstill. The black suspension is 
subsequently ?ltered. Evaporation of the ?ltrate gives 
l~[2-[trans-4-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl)cy 
clohexyl]cyclohexyl]ethyl]-4-?uorobenzene. 
The following compounds can be prepared in an 

analogous manner: 
1-[2-[trans-4-[trans-4-(2-(1,3-Dioxolan-2-yl)ethyl)cy 

clohexyl]cyclohexyl]ethyl]-3,4-di?uorobenzene; 1-[2 
[trans-4-[trans-4»(2-(1,3-dioxolan-2-yl)ethyl)cyclohex 
yl]cyclohexyl]ethyl]-3-chloro-4-?uorobenzene; 1-[2 
[trans-4-[trans-4-(2-(1,3-dioxolan-2-yl)ethyl)cyclohex 
yl]cyclohexyl]ethyl]-4-chlorobenzene; l-[2-[trans-4 
[trans'4-(2-(1,3-dioxolan-2-yl)ethy1)-cyclohexy1]cy 
clohexyl]ethyl]-3-?uoro-4-chlorobenzene. 
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EXAMPLE 7 

A solution of 1.7 g of 4-?uorobenzoyl chloride in 5 ml 
of pyridine is treated with 2.8 g of trans-4-[trans-4-(2 
(1,3-dioxolan-2-yl)ethyl]cyclohexyll-cyclohexyl (pre 
pared according to Example 3) and stirred at room 
temperature for 12 hours. Thereafter, the reaction mix 
ture is poured on to ice-water and extracted three times 
with diethyl ether. The organic phases are washed in 
succession with saturated sodium hydrogen carbonate 
solution, with 10 percent hydrochloric acid, with satu 
rated sodium hydrogen carbonate solution and with 
water, then dried over magnesium sulfate, filtered and 
concentrated. Chromatographic puri?cation of the re 
sulting crude product on silica gel with ethyl acetate/ 
petroleum ether (vol. 3:97) gives 4-?uorobenzoic acid 
trans‘-4-[trans-4-(2-(l,3-dioxolan-2-yl)ethyl]cyclohexyl] 
cyclohexyl ester. 
The following compounds can be prepared in an 

analogous manner: 
3,4-Di?uorobenzoic acid trans-4-[trans-4-[2-(l,3 

dioxo1an-2-yl)ethyl]cyclohexyl]cyclohexyl ester; 
3-chloro-4-?uorobenzoic acid trans-4-[trans-4-(2-(L3 

dioxolan-2-yl)ethyl]cyclohexyl]cyclohexyl ester; 
4-chlorobenzoic acid trans-4—[trans-4-[2-(l,3-dioxo 

lan-2-yl)ethyl]cyclohexyl]cyclohexy1 ester; 
3-?uoro-4-chlorobenzoic acid trans-4~[trans~4»[2-(1,3 

dioxolan-Z-yl)ethyl]cyclohexyl]cyc1ohexyl ester. 

EXAMPLE 8 

2.04 g of sodium hydride as an about 50% oily sus 
pension are placed under nitrogen gasi?cation and 
washed twice with pentane. There are then added to the 
sodium hydride 40 ml of dry tetrahydrofuran and a 
solution of 6.0 g of trans-4-[trans-4-[2-(1,3-dioxolan-2 
y1)ethyl]-cyclohexy1]cyclohexyl (prepared according to 
Example 2) in 30 ml of tetrahydrofuran. The mixture is 
stirred at room temperature for 30 minutes, then treated 
with 6.03 g of 4-?uorobenzyl bromide and heated to 
re?ux for 2 hours. Subsequently, the reaction mixture is 
cooled, taken up in 200 ml of diethyl ether and washed 
three times ‘with 200 ml of water each time. The organic 
phase is dried over magnesium sulfate, ?ltered and 
evaporated, whereby there is obtained trans-4-[trans4 
[2-(1,3-dioxolan-2-yl)éethyl]cyclohexyl]cyclohexyl 4 
?uorobenzyl ether. 
The following compounds can be prepared in an 

analogous manner: 
trans-4-[trans-4-[2-(1,3Dioxolan-2~yl)ethyl]cyclohex 

yl]cyclohexyl 3,4-di?uorobenzyl ether; 
trans-4-[trans-4-[2-(1,3-dioxolan-2-yl)ethyl]cyclohex 

yl]cyclohexyl 3-chloro-4~?uorobenzyl ether; 
trans-4-[trans-4~[2~(1,3-dioxolan-2-y1)ethyl]cyclohex 

yllcyclohexyl 4~chlorobenzyl ether; 
trans-4-[trans-4-[2~(1 ,3-dioxolan-2-yl)ethyl]cyclohex 

y1]cyclohexyl 3-f1uoro-4»chloroben'-:yl ether. 

EXAMPLE 9 

a) A mixture of 29.1 g of crude 1-trans-4-[trans-4-(2 
(1,3-dioxolan-2-yl)ethyl)cyclohexyl]cyclohexyl]-4 
?uorobenzene, 200 ml of dioxan, 200 ml of glacial acetic 
acid and 400 ml of water was heated to slight boiling 
(bath temperature 115' C.) for 15 hours while stirring 
and gassing with nitrogen. The reaction mixture was 
then poured on to 500 g of ice. The aqueous phase was 
separated and extracted three times with 400 ml of di 
ethyl ether each time. The combined organic phases 
were washed with 500 ml of saturated sodium hydrogen 
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carbonate solution and with 500 ml of water, dried over 
sodium sulfate, ?ltered and concentrated. There were 
thus obtained 25.2 g of crude, solid 3-[trans-4-[trans-4 
(4-?uorophenyl)cyclohexyl]-cyclohexyl]propionalde 
hyde. 

b) A suspension of 9.1 g of methoxymethyl-triphenyl 
phosphonium chloride in 50 ml of diethyl ether was 
treated with 2.85 g of potassium tert.butylate while 
gassing with nitrogen. The red suspension was stirred at 
room temperature for a further 30 minutes and then 
treated dropwise at 0° C. with a solution of 5.43 g of 
crude 3-[trans~4-[trans-4-(4-?uorophenyl)cyclohexyl] 
cyclohexyl]propionaldehyde in 30 ml of dry diethyl 
ether. The reaction mixture was stirred at room temper 
ature for a further 90 minutes, then poured into 300 ml 
of hexane and ?ltered. Chromatographic puri?cation of 
the concentrated ?ltrate on silica gel with hexane gave 
4.9 g of solid 1-[trans-4-[trans~4-(4-methoxy-3-buteny1) 
cyclohexyl]cyclohexyl]-4-?uorobenzene. 

c) A mixture of 2.48 g of l-[trans-4-[trans-4-(4 
methoxy-3-butenyl)cyclohexyl]cycloliexyl]-4-?uoro 
benzene, by 30 ml of dioxan, 20 ml of glacial acetic acid 
and 40 ml of water was heated to slight boiling (bath 
temperature 115° C.) while stirring and gassing with 
nitrogen. After cooling the suspension was diluted with 
70 ml of water. The aqueous phase was separated and 
extracted three times with 80 ml of diethyl ether each 
time. The combined organic phases were washed twice 
with 1000 ml of water each time, dried over sodium 
sulfate, ?ltered and concentrated. There were thus ob 
tained 2.3 g of solid 4-[trails-4-[trans-4-(4-fluorophenyl) 
cyclohexyl]cyclohexyl]butyraldehyde. 

d) A suspension of 5.19 g of methyl-triphenylphos 
phonium bromide in 80 ml of diethyl ether was treated 
with 1.55 g of potassium tert.butylate while gassing 
with nitrogen. The yellow suspension was stirred at 
room temperature for a further 45 minutes and then 
treated dropwise at 0° C. with a solution of 2.3 g of 
4-[trans-4-[trans-4-(4-?uorophenyl)cyclohexyl]cy 
clohexyl]butyraldehyde. The reaction mixture was 
stirred at 0° C. for a further 2 hours and then diluted 
with 60 ml of water. The aqueous phase was separated 
and extracted twice with 60 ml of hexane each time. 
The combined organic phases were washed neutral 
with water, dried over sodium sulfate, ?ltered and con 
centrated. Chromatographic puri?cation of the residue 
on silica gel with hexane gave 1.89 g of crude product. 
After two-fold recrystallization from acetone at —20° 
C. there were obtained 1.22 g of 1-[trans-4-[trans~4-(4 
pentenyl)-cyclohexyl]cyclohexyl]-4-?uorobenzene 
with m.p. (C-N) 65.7" C. and cl.p. (N-I) 129.7“ C. 
The 4-alkenyl compounds named in Example 1 as 

well as the following compounds can be prepared in an 
analogous manner: 

l-[trans-4-[trans-4-(4-Pentenyl)cyc1ohexyl]cyclohex 
yl3,4-difluorobenzene; 

l-[trans-4-[trans-4-(4-pentenyl)cyclohexyl]cyclohex 
yl-3-chloro-4-?uorobenzene; 

l-[trans4-[trans-4-(4-pentenyl)cyclohexy1]cyclohex 
yl-4-chlorobenzene; 

l-[trans-4-[trans4-(4-pentenyl)cyclohexyl]cyclohex 
yl-3-?uoro-4~chlorobenzene; 

1-[trans-4-[2-(trans-4-(4-pentenyl)cyclohexyl)ethyl] 
cyclohexyl]-4-?uorobenzene; 

l-[trans-4-[2-(trans-4-(4-pentenyl)cyclohexyl)ethyl] 
cyclohexyl]-3,4-di?uorobenzene; 

l-[trans-4-[2-(trans-4-(4-pentenyl)cyclohexyl)ethyl] 
cyclohexyl]-3-chloro-4-?uorobenzene; 
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1-[trans-4-[2-(trans-4~(4-pentenyl)cyclohexyl)ethyl] 

cyclohexyl]~4-chlorobenzene; 
1-[trans-4-[2-(trans-4-(4~pentenyl)cyclohexyl)ethyl] 

cyclohexyl]-3-?uoro-4-chlorobenzene; 
1-[[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cyc1ohex 

yl]-methoxy]-4-?uorobenzene; 
l-[[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cyclohex 

y1]-methoxy]-3,4-di?uorobenzene; ‘ 

1-[[trans-4-(trans’4-(4-pentenyl)cyclohexyl)cyclohex 
yl]-methoxy]-3-chloro~4-?uorobenzene; 

1-[[trans-4-(trans-4~(4-pentenyl)cyclohexyl)cyclohex 
yl]-methoxy]-4~chlorobenzene; 

1-[[trans~4»(trans-4-(4-pentenyl)cyclohexyl)cyclohex 
yl]-methoxy]-3-?uoro-4-chlorobenzene; 

1-[2-[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cy 
clohexyl]ethyl]-4-?uorobenzene; m.p. (C~Sg) 7.1° C., 
phase transition (SB-N) 93° C,. c1.p. (N-I) ll6.6° C.; 

l-[2-[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cy 
clohexyl]ethyl]-3,4-di?uorobenzene; 

1-[2-[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cy 
clohexyl]ethyl]-3-chloro-4—?uorobenzene; 

l-[2-[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cy 
clohexyl]ethyl]-4~chlorobenzene; 

1-[2-[trans-4-(trans-4~(4-pentenyl)cyclohexyl)cy 
clohexyl]ethyl]-3—fluoro-4-chlorobenzene; 

4-?uorobenzoic acid trans-4-[trans-4-(4-pentenyl) 
cyclohexyl]cyclohexyl ester; 

3,4-di?uorobenzoic acid trans~4-[trans-4-(4-pen 
tenyl)-cyclohexyl]cyclohexyl ester; 

3-chloro-4-?uorobenzoic acid trans-4-[trans-4-(4-pen 
tenyl)-cyclohexyl]cyclohexyl ester; 

4-chlorobenzoic acid trans-4-[trans-4~(4-pentenyl) 
cyclohexyl]cyclohexyl ester; 

3-?uoro-4-chlorobenzoic acid trans~4-[trans-4-(4-pen 
tenyl)-cyclohexyl]cyclohexyl ester; 

trans~4-[trans-4-(4-pentenyl)-cyclohexyl]cyclohexyl 
4»?uorobenzyl ether; 

trans-4-[trans-4-(4~pentenyl)-cyclohexyl]cyclohexyl 
3,4-di?uorobenzyl ether; 

trans-4-[trans-4-(4-pentenyl)-cyclohexyl]cyclohexyl 
3-chloro~4-?uorobenzyl ether; 

trans-4~[trans-4-(4-pentenyl)-cyclohexyl]cyclohexyl 
4-chlorobenzyl ether; 

trans-4-[trans-4~(4-pentenyl)-cyclohexyl]cyclohexyl 
3-?uoro-4-chlorobenzyl ether; 

l-[trans-4-[trans»4-(4Z-hexenyl)cyclohexyl]cyclohex 
yl]-4-fluorobenzene; 

1{trans-4-[trans-4-(4Z-hexenyl)cyclohexyl]cyclohex 
yl]-3,4-difluorobenzene; 

1-[trans-4-[2-(trans-4-(4Zf-hexenyl)cyclohexyl)ethyl] 
cyclohexyl1-4-?uorobenzene; 

1-[trans—4-[2-(trans-4-(4Z-hexenyl)cyclohexyl)ethyl] 
cyclohexyl]-3,4-di?uorobenzene; 

1-[[trans~4-(trans-4-(4Z-hexenyl)cyclohexyl)cy 
clohexyl]-methoxy]-4-?uorobenzene; 

1-[[trans-4-(trans-4-(4Z-hexeny1)cyclohexyl)cy 
clohexyl]-methoxy]-3,4di?uorobenzene; 

1-[2-[trans-4-(trans-4-(4Z-hexenyl)cyclohexyl)cy 
clohexyl]ethyl]-4-?norobenzene; 

l-[2-[trans-4-(trans-4~(4Z—hexenyl)cyclohexyl)cy 
clohexyl]ethyl]-3,4-di?uorobenzene; 

4-?uorobenzoic acid trans-4-[trans-4-(4Z-hexenyl) 
cyclohexyl]cyclohexyl ester; 

3,4-di?uorobenzoic acid trans-4-[trans4-(4Z-hex 
enyl)-cyclohexyl]cyclohexyl ester; 

trans-4-[trans-4-(4Z-hexenyl)cyclohexyl]cyclohexyl 
4~?uorobenzyl ether; 
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trans-4-[trans-4-(4Z-hexenyl)-cyclohexyl]cyclohexyl 
3,4-di?uorobenzyl ether; 
The 3E-alkenyl compounds named in Example 1 as 

well as the following compounds can also be prepared 
in an analogous manner by omitting steps b) and c): 

l-[trans-4-[trans-4-(3-Butenyl)cyclohexyllcyclohex 
yl-3,4di?uorobenzene; 

1-[trans~4-[trans~4-(3-buteny1)cyclohexyl]cyclohexyl 
3-chloro-4-?uorobenzene; 

1-[trans-4-[trans~4-(3-butenyl)cyclohexyl]cyclohexyl 
4~chlorobenzene; 

l{trans-4»[trans-4~(3-butenyl)cyclohexyl]cyclohexyl 
3-?uoro-4-chlorobenzene; 

l-[trans-4-[2(trans-4-(3-butenyl)cyclohexyl)ethyl] 
cyclohexyl}3,4-clifluorobenzene; 

l-[trans-4-[2-(trans—4-(3-butenyl)cyclohexyl)ethyl] 
cyclohexyl]-3-chloro-4~?uorobenzene; ' 

l-[trans-4-[2-(trans~4-(3-butenyl)cyclohexyl)ethyl] 
cyclohexyl].4-chlorobenzene; 

l-[trans~4-[2-(trans-4-(3-butenyl)cyclohexyl)ethyl] 
cyclohexyl]-3-?uoro4-chlorobenzene; 

l-[[trans~4-(trans-4-(3butenyl)cyclohexyl)cyclohex 
yl]-methoxy]-4-lluorobenzene, m.p. (C-N) 82.2“ C., cl.p. 
(N-l) 131.7‘ C; 

1-[[trans-4-(trans-4-(3-butenyl)cyclohexyl)cyclohex 
yl]-methoxy]-3,4-di?uorobenzene; 

1-[[trans-4-(trans-4-(3-butenyl)cyclohexyl)cyclohex 
yl]-methoxy]-3-chloro-4-?uorobenzene; 

l-[[trans-4-(trans-4-(3-butenyl)cyclohexyDcyclohex 
I yl]-methoxy]-4-chlorobenzene; 

l-[[trans-4-(trans-4-(3-butenyl)cyclohexyl)cyclohex 
yl]-methoxy]-3-?uoro-4-chlorobenzene; 

1-[2-[trans-4-(trans-4-(3-butenyl)cyclohexyl)cy 
clohexyl]ethyl]-3,4-di?uorobenzene; 

1-[2-[trans-4-(trans~4-(3-butenyl)cyclohexyl)cy 
clohexyl]ethyl]-3-chloro-4-?uorobenzene; 

1-[2-[trans-4-(trans-4-(3-butenyl)cyclohexyl)cy 
clohexyl]ethyl]-4-chlorobenzene; 

l-[2-[trans-4-(trans-4-(3-butenyl)cyclohexyl)cy 
clohexyl]ethyl]-3-?uoro-4-chlorobenzene; 

3,4-di?uorobenzoic acid trans-4-[trans-4-(3-butenyl) 
cyclohexyllcyclohexyl ester; 

3-chloro-4-?uorobenzoic acid trans-4-[trans-4(3 
butenyl)cyclohexyl]cyclohexyl ester; 4-chlorobenzoic 
acid trans-4-[trans-4-(3-butenyl)-cyclohexyl]cyclohexyl 
ester; 

3-?uoro-4-chlorobenzoic acid trans-4-[trans-4-(3 
butenyl)cyclohexyl1cycl0hexyl ester; 

trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclohexyl 
4-?uorobenzyl ether m.p. (C-N) 37.7° C., cl.p. (N-I) 
92.8° C.; 

trans-4-[trans-4-(3-butenyl)cyclohexyl1cyclohexyl 
3,4-di?uorobenzyl ether; 

trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclohexyl 
3-chloro-4~fluorobenzyl ether; 

trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclohexyl 
4-chlorobenzyl ether; 

trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclohexyl 
3-?uoro~4-chlorobenzyl ether; 

l-[trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cy 
clohexy1]-3,4-di?uorobenzene; 

1-[trans-4-[2-(trans-4(3E-pentenyl)cyclohexyl)ethyl] 
cyclohexyl1-3,4-di?uorobenzene; 

l-[[trans-4-(trans-4-(3E-pentenyl)cyclohexyl)cy 
clohexyl1methoxy]-4-fluorobenzene; 

l-[[trans-4-(trans-4-(BE-pentenyl)cyclohexyl)cy 
clohexyl]methoxy]-3,4-difluorobenzene; 
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1-[2-[trans-4-(trans-4-(3E-pentenyl)cyclohexyl)cy 

clohexyl]ethyl]-3,4di?uorobenzene; 
trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cyclohexyl 

4-fluorobenzyl ether; 
trans-4-[trans-4-(3E-pentenyl)cyclohexy1]cyclohexyl 

3,4-di?uorobenzyl ether; 
3,4-di?uorobenzoic acid trans-4-[trans-4~(3E-pen 

tenyl)cyclohexyl]cyclohexyl ester; 
trans-4-[trans-443E-pentenyl)cyclohexyl]cyclohexyl 

3,4difluorobenzyl ether. 

EXAMPLE 10 

a) A suspension of 1.20 g of lithium aluminium hy 
dride in 50 ml of diethyl ether was treated dropwise 
within 15 minutes with a solution of 6.67 g of trans-4-(4 
?uorophenyl)cyclohexanecarboxylic acid in 200 ml of 
diethyl ether and 40 m1 of tetrahydrofuran. The reac 
tion mixture was stirred at room temperature'for 2 
hours, then treated dropwise with 4 ml of acetone and 
14 ml of water and made acid (pH about 1) with 3 N 
hydrochloric acid. The aqueous phase was separated. 
The organic phase was washed with 30 ml of water, 
twice with 20 ml of semi-saturated sodium carbonate 
solution each time and three times with 30 ml of water 
each time, dried over sodium sulfate and evaporated. 
There were thus obtained 6.08 g of crude [trans-4-(4 
?uorophenyl)cyclohexyl]methanol with m.p. 65°-70° 
C 

b) A suspension of 11.35 g of pyridinium chlorochro 
mate in 80 ml of dichloromethane was treated dropwise ' 
with a solution of 6.06 g of [trans-4-(4-?uorophenyl)cy 
clohexyl]methanol in 18 m1 of diethyl ether. The reac 
tion mixture was stirred for 4 hours, then diluted with 
50 ml of diethyl ether, decanted off from the dark resi 
due and ?ltered. Concentration of the ?ltrate gave 4.86 
g of trans-4-(4-?uorophenyl)cyclohexanecarboxalde 
hyde as a yellowish oil which solidi?ed at room temper 
ature; m.p. <30’ C. 

EXAMPLE 11 

A solution of 0.98 g of 2-(4-pentenyl)_-1,3-propanediol 
and 1.34 g of trans-4~(4-?uorophenyl)cyclohexanecar 
boxaldehyde in 40 ml of toluene was treated with 4 
drops of 10 percent sulfuric acid in a sulfonation ?ask 
equipped with a descending condenser. The mixture 
was boiled for 1 hour, with the damp solvent which was 
distilled off being replaced by the dropwise addition of 
fresh toluene. Subsequently, the reaction mixture was 
neutralized with triethylamine (about 8 drops), washed 
twice with 15 ml of water each time, dried over sodium 
sulfate, ?ltered and concentrated. Chromatographic 
puri?cation of the residue (2.22 g) on silica gel with 
hexane/ethyl acetate (vol. 39:1) and repeated recrystal 
lization from ethanol ?nally gave 0.44 g of pure trans-2 
[trans-4-(4-fluorophenyl)cyclohexyl]-5-(4-pentenyl)-m 
dioxane; m.p. (C-SB) 68.5’ C., phase transition (SB-N) 
77° C., cl.p. (N-I) 96.5" C. 
The following compounds can be prepared in an 

analogous manner: 
trans-2-[trans-4-(3,4-di?uorophenyl)cyclohexyl]-5-(4 

pentenyl)-m-dioxane; 
trans-2-[trans-4-(4-chlorophenyl)cyclohexyl]-5-(4 

pentenyl)-m-dioxane; 
trans-2-[trans-4-(3,4-di?uoropheny])cyclohexyl]-5-(3 

butenyl)-m-dioxane; 
trans-2-[trans-4-(4-chlorophenyl)cyclohexyl]-5-(3 

butenyl)-m‘dioxane; 
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trans-2-[trans-4-[2-(4-?uorophenyl)ethyl]cyclohex 
yl]-5-(4-pentenyl)-m-dioxane; 

trans-2-[trans-4-[2-(3,4-di?uorophenyl)ethyl]cy 
clohexyl]-5-(4-pentenyl)-m-dioxane; 

trans-2-[trans-4-[2-(4-chlorophenyl)ethyl]cyclohex- 5 
yl]-5-(4-pentenyl)-m-dioxane; 

trans-2-[trans-4-[2-(3,4-difluorophenyl)ethyl]cy 
clohexy1]-5-(3-butenyl)-m-dioxane; 

trans-2-[trans-4-[2-(4-chlorophenyl)ethyl]cyclohex 
yl]-5-(3-butenyl)-m-dioxane; 

trans-2-(4-tluoropheny1)-5-(4-pentenyl)-m-dioxane, 
m.p. (C-I) 18.7° C.; 

trans-2-(3,4-di?uorophenyl)-5-(4-pentenyl)-m-diox 
ane; 

trans-2-(4-chlorophenyl)-5-(4-pentenyl()-m-dioxane; 
trans-2-(3,4-di?uorophenyl)-5-(3-butenyl)-m-dioxane; 
trans-2-(4-chlorophenyl)-5-(3-butenyl)-m-dioxane; 
trans-2-[2-(4-?uorophenyl)ethyl]-5-(4-pentenyl)-m 

dioxane; 
trans-2-[2-(3,4-di?uorophenyl)ethyl]-5-(4-pentenyl) 

m-dioxane; 
trans-2-[2-(4-chlorophenyl)ethyl]-5-(4-pentenyl)-m 

dioxane; 
trans-2-[2-(3,4-dilluorophenyl)ethyl]-5-(3-butenyl)-m 

dioxane; ' 

trans-2-[2-(4-chlorophenyl)ethyl]-5-(3-butenyl)-m 
dioxane. 

15 

25 

EXAMPLE 12 

A mixture of 3.6 g of 7-dimethoxy-6-(dimethoxyme 
thyl)-l-heptene, 75 mg of p-toluenesulfonic acid mono 
hydrate and 0.35 ml of water was heated to slight boil 
ing for 2 hours in an oil bath of 110° C. while stirring 
and under a nitrogen atmosphere. Thereafter, the mix 
ture was treated with 0.5 g of sodium hydrogen carbon 
ate, stirred for 10 minutes without the oil bath and then 
?ltered (rinsing with a small amount of methanol). the 
?ltrate was added to a solution of 2.9 g of 4-?uoroben 
zamidine hydrochloride in 60 ml of methanol. Subse 
quently, the reaction mixture was treated dropwise with 
a sodium methylate solution (prepared from 0.6 g of 
sodium and 15 ml of methanol), stirred at room temper 
ature overnight, then adjusted to pH 5 with concen 
trated hydrochloric acid and evaporated. The residue 
was treated with water and extracted with diethyl 
ether. The organic phase was washed with water, dried 
over sodium sulfate, ?ltered and evaporated. Chro 
matographic puri?cation of the crude product on silica 
gel with hexane/ ethyl acetate (vol. 19:1) and recrystalli 
zation from hexane gave 1.0 g of pure 2-(4-?uoro 
phenyl)-5-(4-pentenyl)pyrimidine with m.p. 21.8“ C. 
The following compounds can be prepared in an 

analogous manner: 
2-(3,4-Di?uorophenyl)~5-(4-pentenyl)pyrimidine; 
2-(4-chlorophenyl)-5-(4-pentenyl)pyrimidine; ‘ 

2(3,4-di?uorophenyl)-,5-(3-butenyl)pyrimidine; 
2-(4-chlorophenyl)5-(3-butenyl)pyrimidine; 
2-(4-?uorophenyl)-5-[trans-4-(4-pentenyl)cyclohex 

yl]-pyrimidine; 
2-(3,4-di?uorophenyl)-5-[trans-4-(4-pentenyl)cy 

clohexyl]pyrimidine; 
2-(4-chlorophenyl)-5-[trans-4-(4-pentenyl)cyclohex 

yll-pyrimidine; 
2-(3,4-di?uorophenyl)-5-[trans-4-(3-butenyl)cy 

clohexyl]pyrimidine; 
2-(4-chlorophenyl)-5-[trans-4-(3-butenyl)cyclohex 

yl]-pyrimidine; 
2-(4’-?uoro-4-biphenylyl)-5-(4-pentenyl)pyrimidine; 
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2-(3’,4’-di?uoro-4-biphenylyl)-5-(4-pentenyl)-pyrimi 

dine; 
2-(4'-chloro-4-biphenylyl)-5-(4-pentenyl)pyrimidine; 
2-(3 ’,4’-difluoro-4-biphenylyl)-5-(3-buteny1)pyrimi 

dine; 
2-(3’-chloro-4-biphenylyl)-5-(3-butenyl)pyrimidine. 

EXAMPLE 13 

The binary mixtures set forth hereinafter were pre 
pared from 4-(trans-4-pentenylcyclohexyl)benzonitrile 
and a compound of formula I. The electro-optical data 
were measured at 22° C. in a TN cell having a plate 
separation of 8 -p.m. The corresponding values for 4 
(trans-4-pentylcyclohexyl)benzonitrile are: V10= 1.62 
V, t0,,-_—-30 ms, An=0.l20; cl.p. (N-I) 54.6° C. 

Mixture l 

90 wt. % of 4-(trans-4-pentylcyclohexyl)benzonitrile, 
10 wt. % of 4-(3-butenyloxy)benzoic acid 4 

?uorophenyl ester; 
V10=1.29 V, to,,=31 ms, An=0.117. 

Mixture 2 

90 wt. % of 4-(trans-4-pentylcyclohexyDbenzonitrile, 
10 wt. % of trans-4-(4-pentenyl)cyclohexanecarboxy 

lic acid 4-?uorophenyl ester; 
V10: 1.17 V, ton=22 ms, An=0.108. 

Mixture 3 
70 wt. % of 4-(trans-4-pentylcyclohexyl)benzonitrile, 
30 wt. % trans ~4-[trans-4-(4-pentenyl)cyclohexyl]cy 

clohexanecarboxylic acid 4-fluorophenyl ester; 
V10: 1.55 V, ton=44 ms, An=0.1l0; cl.p. (N-I) 75.3° 

C. 

Mixture 4 

90 wt. % of 4-(trans-4-pentylcyclohexyl)benzonitrile, 
10 wt. % of 4~(4-pentenyl)benzoic acid 4-?uorophe 

nyl ester; 
V10: 1.42 V, t0,,=26 ms, An=0.l17, cl.p. (N-l) 50.3” 

C. 

Mixture 5 

90 wt. % of 4-(trans~4-pentylcyclohexyl)benzonitrile,l 
10 wt. % of 4-(3-butenyloxy)benzoic acid 3,4 

di?uorophenyl ester; 
V10= 1.23 V, t0,,=36 ms, An.=0.l 16, cl.p. (N-I) 44.5“ 

C. 

Mixture 6 

90 wt. % of 4-(trans4-pentylcyclol1exyl)benzonitrile, 
10 wt. % of 1-[trans-4~[trans-4~(4-pentenyl)cyclohex 

yl]cyclohexyl]-4-?uorobenzene; 
V10: 1.47 V, t0n=25 ms, An: 112, cl.p. (N-I)‘59.l° C. 

Mixture 7 

90 wt. % of 4-(trans-4-pentylcyclohexyl)benzonitrile, 
10 wt. % of trans-2-[trans-4~(4-?uorophenyl)cy 

clohexyl]-5-(4-pentenyl)-m-dioxane; 
V10: 1.34 V, to,,=31 ms, An= 1.116. cl.p. (N-I) 54.0° 

C. 

EXAMPLE 14 

The following mixtures were prepared. Unless stated 
otherwise, the electro-optical data were measured at 22° 
C. in a TN cell having a plate separation of 6 -p.m. 








